Cancers of the central nervous system (CNS), the most common solid malignancies in childhood, are associated with a number of sequelae including dysfunction in neurologic, endocrine, social, psychological, and neurocognitive areas (Anderson et al., 2001; Packer et al., 2003; Schultz et al., 2007) . In the neurocognitive domain, reduced global IQ compared with controls and normative samples has been reported (Ellenberg et al., 1987; Palmer et al., 2003) , as have deficits in specific cognitive functions including verbal skills, visual spatial skills, attention, memory, psychomotor speed, and learning (Kiehna et al., 2006; Mabbott et al., 2008; Mulhern et al., 2004; Nagel et al., 2006) . In particular, recent research has focused on attention, processing speed and working memory as domains of significant dysfunction in survivors of childhood CNS cancer, perhaps because of the sensitivity of these functions to white matter damage resulting from cranial irradiation .
Factors within the population of pediatric CNS malignancy patients that have been associated with neurocognitive outcome include tumor site (Mulhern et al., 1992) , age at diagnosis (Sands et al., 2001) , and radiation treatment (Reamers et al., 2003) . Cortical tumors have been reported to result in more cognitive late effects than 3rd or 4th ventricle tumors (Ellenberg et al., 1987; Mulhern et al., 1992) . However, pediatric posterior fossa tumors have also been associated with neurocognitive sequelae including deficits in attention, planning, sequencing, executive functioning, memory, processing speed, visual-spatial organization, modulation of affect, and behavior (Beebe et al., 2005; Karatekin et al., 2000; Levisohn et al., 2000; Riva & Giorgi, 2000; Schmahmann & Sherman, 1998; Steinlin et al., 2003) .
Radiation therapy is a well established risk factor for neurocognitive difficulties of CNS cancer patients as well as of children with leukemia treated with prophylactic cranial radiation (Smibert et al., 1996; Spiegler et al., 2004) . Correlation between the amount of radiation received and IQ declines have been demonstrated (Grill et al., 1999; Kieffer-Renaux et al., 2000) . MRI studies suggest that radiation may be associated with changes to white matter, including calcification and reduction in white matter volume that may contribute to these difficulties (Mulhern et al., 1999) . Animal studies of the pathophysiology of late effects of cranial radiation therapy suggest primary apoptosis of endothelial and oligodendroglial cells as well as secondary cell injury and death mediated by hypoxia/ischemia and neuro-inflamation that results in a cascade of events that alter the microenvironment, leading to further endothelial dysfunction, disruption of the blood-brain barrier, inhibition of neurogenesis, demyelination, and tissue necrosis (Wong & Van der Kogel, 2004) .
CNS malignancy survivors treated with radiation therapy at younger ages have frequently been reported to show greater neurocognitive impairment (Radcliffe et al., 1994; Ris et al., 2001 ). For example, Palmer et al. (2001) , in a longitudinal study of intellectual development in medulloblastoma patients, found patients treated at Յ8.02 years of age had significantly greater declines in IQ, knowledge and nonverbal abstract thinking than older patients. Mulhern and Palmer (2003) suggest that the greater cognitive decline may be because of the differential effect of cranial irradiation on greater cognitive decline white matter, which continues to develop until age 20, but seems to be lost at a similar rate by younger and older patients. The younger patients, then, may have more white matter loss over time, and reduced white matter volume in younger CNS malignancy patients has been associated with greater intellectual deficits (Mulhern et al., 1999) . In a recent study, Mabbott et al. (2008) reported no effect of age of diagnosis on attention and working memory in children treated for posterior fossa tumors with radiation therapy, although the authors caution that their sample was small and within a narrow age range, which may have skewed their results.
Most of the available literature on neuropsychological outcomes in pediatric CNS malignancy survivors followed patients for a limited period after treatment. The Childhood Cancer Survivors Study (CCSS) was designed to assess adults who survived childhood cancers. Based on CCSS data, adolescent and adult survivors of CNS malignancy, compared with other cancer survivors, show increased neurological deficits (Packer et al., 2003) , problems with depression (Zebrack et al., 2004) , anxiety, attention, social behavior (Schultz et al., 2007) , and reduced reported quality of life (Zeltzer et al., 2008) .
The main goal of the present study was to examine and quantify neurocognitive functioning and adaptive outcome in adult survivors of childhood CNS malignancies who are 16 -34 years from their original diagnosis. We evaluated a large group of CCSS enrolled CNS malignancy survivors to determine their degree of reported neurocognitive dysfunction compared with survivors of non-CNS malignancy and a sibling cohort. Within the group of CNS malignancy survivors, we assessed factors related to treatment [cranial radiation, surgery, ventriculoperitoneal (VP) shunt], illness or therapy residuals (sensory and/or motor deficits, stroke), and demographic variables (gender, age at diagnosis) that might be associated with greater neurocognitive dysfunction. Moreover, we evaluated the degree of correlation between neurocognitive dysfunction and the adult socioeconomic outcomes of educational attainment, employment status and household income. We hypothesized the following:
Hypothesis 1: Survivors of CNS malignancies will report greater neurocognitive dysfunction than survivors of non-CNS malignancies and siblings.
Hypothesis 2:
The greatest reported neurocognitive dysfunction will be in processing speed, memory, planning, and organization, aspects of task efficiency and executive functioning.
Hypothesis 3: There will be greater reported neurocognitive deficits in CNS malignancy survivors who had significant motor or sensory residuals, cranial radiation, cortical tumors, or were younger at diagnosis.
Hypothesis 4:
Reported neurocognitive impairment will be associated with poorer adaptive outcome in adulthood as assessed by lower achievement in education, full time employment and income, and less likelihood of being married.
Method

Participants
The methodology for the CCSS and the characteristics of the study population has been published previously (Robison et al., 2002) . The CCSS is a retrospective cohort of children and adolescents treated for cancer at 26 collaborating institutions in the US and Canada (see Appendix A). Individuals below the age of 21 diagnosed between 1970 and 1985 with leukemia, CNS malignancy, Hodgkin's disease, non-Hodgkin's lymphoma, kidney cancer, neuroblastoma, soft tissue sarcoma, or malignant bone tumor who survived over 5 years were recruited. Respective institutional review boards of participating centers reviewed and approved the CCSS protocol. Of the 20,691 eligible individuals, 17,568 were located and 14,363 survivors (81.8%) and 3,899 siblings were enrolled. Of the survivors and siblings, who participated in the baseline survey, mostly tested between 1992 and 1998, 9,308 survivors (64.8%) and 2,951 siblings (75.7%) participated in the 2003 follow-up survey (2002) (2003) (2004) (2005) .
The Childhood Cancer Survivor Study Neurocognitive Questionnaire (CCSS-NCQ), described below, was included in the 2003 Follow-up Survey and sent to all survivors and a selected subsample of 500 siblings, chosen using simple random sampling from those siblings who completed the baseline survey, were not lost to follow-up and had not refused further participation. The CCSS-NCQ was fully completed with no missing data for 802 (68.1%) of the 1,177 survivors of CNS cancer who participated in the follow-up survey as well as 5,937 (73.0%) of the 8,130 survivors of non-CNS cancers and 382 (76.4%) of the selected group of 500 siblings. Comparison of the 802 CNS participants to the 375 CNS nonparticipants demonstrated that nonparticipants were more likely to be from ethnic or racial minority backgrounds (13.9% vs. 7.1%; p Ͻ .001). In addition, nonparticipants were more likely to be younger at time of CNS diagnosis (6.9 years vs. 8.5 years; p Ͻ .001). No statistically significant differences were detected between participants and nonparticipants in gender, treatment with cranial radiation therapy or time since diagnosis (16.1-34.6 years). The diagnoses of the survivors of non-CNS childhood cancers were as follows: Leukemia (37.6%), Hodgkin's disease (15.3%), non-Hodgkin's lymphoma (8.6%), neuroblastoma (7.3%), soft tissue sarcoma (10.3%), osteosarcoma (6.4%), Ewings and other bone tumors (3.6%), and Wilm's tumor (10.9%).
The survey forms were sent directly to any participant 18 years or older and to the parents of individuals under 18 years of age. Parents completed the forms for all participants Ͻ18 years of age. Otherwise, forms were completed by the subject or by someone else who was familiar with the subject's neurocognitive functioning (proxy), with a box on the survey form to indicate whether the form was completed by self or proxy. Not all completed forms were appropriately marked. Data were available for 785 of the CNS malignancy survivors, and it was indicated that 136 of the CCSS-NCQs were completed by proxy (spouse: 3, friend: 1, sibling: 2, in-law: 4, legal guardian: 1, caseworker: 1, parent or not otherwise specified: 124). For the non-CNS cancer survivors, 243 of 5,870 for whom data were available were completed by proxy (spouse: 33, friend: 4, sibling: 1, in-law: 1, legal guardian: 3, grandparent: 1, parent or not otherwise specified: 200) and for the sibling group, 3 of 379 for whom data were available were completed by proxy (spouse: 1, parent or not otherwise specified: 2). Although there was no code for the reason forms were completed by proxy, many of the proxy respondents for CNS survivors indicated by writing on the form that they completed it because of cognitive problems of the participant. Other reasons informally provided by proxy respondents for all groups included mental health or drug abuse issues, participant away at school or military and participant not interested.
Instrument
To assess self-reported neurocognitive functioning, an instrument was developed for the CCSS population based on the Behavior Rating Inventory of Executive Functioning (BRIEF), a multidimensional standardized behavior rating inventory for children, adolescents, and adults with scales labeled Inhibit, Shift, Emotional Control, Initiate, Working Memory, Plan/Organize, Organization of Materials, and Monitor (Gioia, Isquith, & Guy, 2000; Guy, Isquith, & Gioia, 2004; Roth, Isquith, & Gioia, 2005) . The two items of each BRIEF scale with the highest item-total correlation were combined with independently derived items designed to assess the neurocognitive domains of processing speed, memory, and academic functioning. The resulting 25 items were factor analyzed in a group of 382 siblings of CCSS survivors . Four reliable and valid factors were found based on 19 of the original 25 items, labeled Task Efficiency, Emotional Regulation, Organization, and Memory, and these 19 items constitute the resulting instrument, the CCSS-NCQ, presented in Appendix B.
Although the 25 item questionnaire was also given to a group of 900 individuals as part of the standardization of the adult version of the BRIEF, the 382 siblings were used as the normative group for ultimate development of the CCSS-NCQ because they were demographically more similar to the cancer survivors in terms of ethnic group and education (compared to the non-CNS malignancy survivors). The sums of item endorsements by the siblings (i.e., "Never a problem" [scored 1], "Sometimes a problem" [scored 2], "Often a problem" [scored 3]) on each factor were converted to T scores, such that the sibling group had a mean of 50 and a standard deviation of 10 on each of the four factors, with higher scores indicative of greater reported neurocognitive impairment.
Treatment and Radiation Exposure
Medical records were abstracted for treatment-related information including chemotherapy, surgery, and radiation therapy. To quantify radiation exposure, the brain was partitioned into four segments, posterior fossa (Field 1), temporal lobe (Field 2), frontal cortex (Field 3), and parietal or occipital lobe (Field 4) and maximum radiation dosages were assigned for each field utilizing radiation oncology records from the treating institutions. A segment was said to be included in a radiation field if at least 50% of the segment was in the primary radiation volume. Nearly all CNS malignancy survivors who received cranial radiation therapy received high doses, at or above 40 gray (the Standard International Unit for absorbed ionizing radiation, abbreviated Gy), with only 2% receiving a lower dose.
Data Analysis
The first set of analyses compared survivors of CNS malignancy with survivors of non-CNS malignancy and the sibling group. Descriptive statistics for gender, age, ethnicity, education, household income, and employment status were generated for the three groups. The groups were compared on each of the four CCSS-NCQ factor scores via multiple linear regression, adjusting for age at the time of the study, gender, and ethnicity. When survivors and siblings were compared, the modification of linear regression by Generalized Estimating Equations was used to account for potential within-family correlation (Zeger & Liang, 1986) .
The remaining analyses involved only survivors of CNS malignancy. Within the CNS malignancy patient group, multiple linear regression was used to assess the effects of the following potential independent variables on each of the four CCSS-NCQ factor scores, adjusted for race: age at survey; age at diagnosis; VP shunt; gender; sensory/motor complications [hearing loss (reduced hearing, deafness in one or both ears), visual difficulty (blindness, cataracts), paralysis, cerebrovascular incident]; surgery (yes/no); cranial radiation therapy [whole brain, partial (less than all 4 dosimetry fields), none]; and chemotherapy (yes/no). Only treatments provided within the first 5 years from the original diagnosis of cancer were considered. We also adjusted for whether or not the questionnaire was completed by proxy.
To assess the contribution of more specific factors to outcome, multiple linear regressions adjusted for age at the time of the study, gender, and ethnicity were used for individual comparisons. CCSS-NCQ scores of CNS malignancy survivors with and without paralysis, hearing and/or visual difficulties, and stroke were examined. Because gender was significantly associated with CCSS-NCQ factor scores in CNS malignancy survivors, gender was examined in the sibling group to assess whether the effects were specific to CNS malignancy survivors or a more general gender effect. To assess the effect of tumor site in radiated CNS malignancy survivors, those with cortical versus subcortical radiation boosts were compared. To assess the effect of radiation dose on neurocognitive outcome, CNS malignancy survivors who received cortical radiation without a cortical tumor were compared to leukemia survivors who received 24 Gy of cranial radiation and nonirradiated leukemia patients. Finally, to assess the relationship between neurocognitive outcome and socioeconomic variables in adulthood, individual multiple linear regressions were used to examine the association between age, gender, and ethnicity adjusted CCSS-NCQ scores of CNS malignancy survivors and educational attainment (Ͻhigh school degree, high school graduate, college graduate), household income (Ͻ$20,000; $20,000 -$39,999; $40,000 -$59,999; and Ն$60,000), employment status (Ͻfull time, full time), and marital status (ever married/never married). All statistical analyses were performed using SAS Version 9.1 (SAS Institute Inc., Cary, NC) and 2-sided statistical inferences were employed throughout the analyses.
Results
Characteristics of the Study Population
Demographic characteristics of survivors of CNS malignancy, non-CNS cancers and the sibling group are presented in Table 1 . Compared to survivors of CNS malignancy, the sibling group was older ( p ϭ .002), better educated ( p ϭ .003), more likely to be employed ( p Ͻ .001), had higher family income ( p Ͻ .001), and were more likely to have been married ( p Ͻ .001). Siblings were also older ( p Ͻ .001), had higher household incomes ( p Ͻ .001), and were more likely to have been married ( p Ͻ .001) than survivors of non-CNS cancers. Compared to survivors of non-CNS malignancies, survivors of CNS malignancy were more likely to be male ( p ϭ .04), less educated ( p Ͻ .001), less fully employed ( p Ͻ .001), and have lower household incomes ( p Ͻ .001). With age at diagnosis divided into developmentally based categories (infancy, early and middle childhood, early and late adolescence), more non-CNS malignancy survivors than CNS malignancy survivors were observed in the 0 -2 and 16 -20-year-old age categories. In terms of treatment, CNS malignancy survivors were more likely to have received surgery ( p Ͻ .001) and less likely to have received chemotherapy ( p Ͻ .001) than were survivors of non-CNS cancers.
Neurocognitive Outcomes in Survivors of Childhood CNS Malignancies, Non-CNS Malignancies, and Siblings
As presented in Table 2 , CNS malignancy survivors reported significantly greater neurocognitive dysfunction than the sibling cohort or non-CNS malignancy survivors on all CCSS-NCQ factors. Effect sizes for the differences between CNS cancer survivors and siblings as well as between CNS and non-CNS cancer survivors were small for Organization (CNS vs. sibs ϭ .22, CNS vs. non-CNS ϭ .23) and Emotional Regulation (CNS vs. sibs ϭ .29, CNS vs. non-CNS ϭ .11), medium for Memory (CNS vs. sibs ϭ .68, CNS vs. non-CNS ϭ .53), and large for Task Efficiency (CNS vs. sibs ϭ 1.16, CNS vs. non-CNS ϭ .90). Non-CNS malignancy survivors scored closer to the sibling cohort; while they showed more impaired scores on three of the four CCSS-NCQ scales, the effect sizes were small (Task Efficiency ϭ .26, Emotional Control ϭ .18, Memory ϭ .15).
Factors Predicting Neurocognitive Dysfunction in CNS Cancer Survivors
Factors that predicted self and/or proxy reported neurocognitive dysfunction in survivors of CNS malignancy are presented in Table 3 . Medical complications, including visual and hearing difficulties, paralysis, and stroke, were associated with greater reported deficits on all of the CCSS-NCQ factors, with generally small effect sizes (.22-.50). Cranial radiation was correlated with greater impairment on Task Efficiency and Memory, with medium effect sizes for total brain irradiation (65 and .63, respectively), and smaller effect sizes for partial brain irradiation (.49 and .43, respectively) . VP shunt predicted more impaired Task Efficiency and Memory scores, as well, but to a lesser degree (Effect sizes: Task Efficiency .26, Memory .32). Female gender predicted more impaired scores on the Task Efficiency and Emotional Regulation scales, with small effect sizes (Task Efficiency .38, Emotional Regulation .45), whereas diagnosis before age 2 predicted less impairment on the Memory scale with a moderate effect size (.64). Completion of the form by proxy was associated with more impairment on all CCSS-NCQ scales. The effect size was very large for the Task Efficiency scale (1.39), medium for Organization (.51) and Memory (.57), and small for Emotional Regulation (.34).
Specific Predictor Variables
Complications. .39), and Memory (Effect size .45) and reported paralysis was associated with significantly more impairment in Task Efficiency (Effect size .45) and Organization (Effect size .30).
Cranial radiation dose/tumor location. Precise site of CNS tumor was not available for the CCSS cohort. However, many CNS malignancy survivors who had radiation therapy had a "boost" field, a smaller field inside a region already treated with a larger field, used to treat the specific tumor site with additional irradiation. Patients with cortical radiation focus (Boosts to Fields 2, 3, and/or 4; n ϭ 119) were compared to patients with subcortical radiation focus (Boost to posterior fossa Field 1; n ϭ 102) on CCSS-NCQ scale scores. The groups were not significantly different.
To assess the association of cranial radiation dose with neurocognitive impairment, CCSS-NCQ scores of 65 CNS malignancy patients who received whole brain radiation (mean dose ϭ 36.3 Gy, SD ϭ 5.97 Gy), with the highest dose (boost) to Field 1, indicating a subcortical tumor, were compared to scores of 510 leukemia survivors who received 24 Gy of cranial radiation and 744 nonradiated leukemics. The CNS survivors reported significantly more impairment ( p Ͻ .001) on the Task Efficiency factor than leukemia survivors who received 24 Gy of cranial radiation (Effect size .64), who in turn reported significantly more impairment than nonradiated leukemia survivors (Effect size .45). On the Memory factor, the CNS malignancy group and the radiated leukemics did not differ from each other, but both showed significantly more impairment ( p Ͻ .001) than the nonradiated leukemics (CNS malignancy effect size .71; radiated leukemics effect size .35).
Gender. In survivors of CNS malignancy, female gender predicted more impairment on Task Efficiency and Emotional Regulation in the multivariate analysis. To ascertain whether this was unique to CNS survivors, males and females in the sibling cohort were compared on CCSS-NCQ scale scores via univariate analysis. Female siblings had higher CCSS-NCQ scores than their male counterparts on the Emotional Regulation scale ( p Ͻ .001), with similarly small effect size (CNS survivors: .45, sibling group: .34), suggesting that females, in general, may report slightly more difficulty with Emotional Regulation than males.
CCSS-NCQ scores and indicators of adaptive outcome.
Within the group of CNS malignancy survivors, CCSS-NCQ scores were highly correlated with variables predictive of success in the achievement of adult tasks (see Table 5 ). Lower educational attainment was associated with more impairment on CCSS-NCQ Task Efficiency, Emotional Regulation and Memory scales. Less than full time employment was associated with greater impairment on all CCSS-NCQ scales and household income under $20,000 per year was associated with more impaired CCSS-NCQ scores on all scales compared to household income over $60,000. Never having been married correlated with poorer Task Efficiency, Memory and Organization scores.
Discussion
Survivors of childhood CNS malignancies are at known risk for deficits in neuropsychological functioning. The current study was the first to follow a large cohort of CNS malignancy survivors to adulthood, using large non-CNS malignancy and sibling control groups, to quantify the degree and assess the nature of the neurocognitive dysfunction in these survivors, determine associated risk factors and evaluate the impact of neurocognitive impairment in adulthood. Among CNS malignancy survivors in the CCSS cohort, risk of neurocognitive dysfunction was significantly associated with treatment involving cranial irradiation or placement of a VP shunt, as well as a history of stroke, paralysis, or auditory difficulties.
Of the factors identified on the CCSS-NCQ in the present study, CNS malignancy survivors with cognitive impairment were most likely to report dysfunction on the Task Efficiency scale, which contains items related to speed of performance, self initiation and multitasking, as well as on the Memory scale, which assesses both long term and working memory. The two scales are highly correlated with each other (.71), whereas correlations between the other scales are less robust (.36 to .57). In contrast to some studies of selected subgroups of CNS cancer patients (Mabbot et al., 2008; Reddick et al., 2003; Schatz et al., 2000) , our results suggest that the combined CNS malignancy survivor group is left with deficits in both information processing speed and working memory, rather than showing impairment in only one of the two variables.
The complications of paralysis, stroke, or hearing impairment were found to be highly predictive of neuropsychological dysfunction in survivors of CNS malignancy. The mean scores for Task Efficiency of CNS survivors in each of these groups was in the impaired range compared to the normative sibling group (Ͼ1.5 SD from the mean). The high degree of neurocognitive impairment among CNS malignancy survivors with hearing difficulties, but not visual deficits, is surprising. Compared with other CNS cancer survivors, those with hearing problems did not have significantly different diagnoses. However, they were more likely that other CNS survivors to have received cranial radiation (93% vs. 64%) or chemotherapy (40% vs. 20%), and to have been treated with Cisplatinum, which is known to affect hearing (13% vs. 4%), although in our multiple regression model, hearing difficulties emerged as an independent contributor to reported neurocognitive dysfunction when controlling for treatment variables. To our knowledge, this association has not been previously reported. Our study did not consider tumor site as a variable. It may be that hearing loss is associated with CNS malignancies in areas of the brain where irradiation produces significant neurocognitive deficits. This possibility can be investigated using the current CCSS cohort, since data regarding tumor site will be available.
Because of the general uniformity of whole brain radiation dose in CNS malignancy patients, a relationship between radiation dose and degree of neuropsychological impairment could not be established using the CNS group alone in the current study. Comparison with a group of leukemia patients who received 24 Gy of cranial radiation, however, yielded data suggestive of a dose/response relationship between amount of cranial irradiation and neurocognitive impairment. Although CNS tumor and leukemia patients differ in many other ways, these data are in agreement with a number of previous studies correlating dose of cranial irradiation with neurocognitive outcome in survivors of ALL (Halberg et al., 1992) and medulloblastoma (Grill et al., 1999; Kieffer-Renaux et al., 2000; Mulhern et al., 1998) .
Contrary to previous studies (Ellenberg et al., 1987; Sands et al., 2001) , younger age at diagnosis was not correlated with greater reported neurocognitive dysfunction in the current large sample of adult CNS malignancy survivors. The present study assessed individuals who were significantly older and farther from the age at which they were diagnosed with and treated for cancer than other studies. It is possible that children with CNS malignancies that are diagnosed and treated at younger ages show more difficulty with childhood outcome measures, such as academic achievement, than those diagnosed and tested when they are older. However, both groups appear to report similar difficulties with neurocognitive functioning in adulthood. As maturity demands more complex neurocognitive skills, including executive functions and the management of multiple simultaneous tasks, childhood CNS malignancy survivors may "grow into" neurocognitive deficits that carry a greater impact in adult life. It may be that the white matter abnormalities, including calcifications, other lesions and smaller white matter volumes, which have been implicated in the neurotoxicity of cranial radiation therapy (Fouladi et al., 2004; Reddick et al., 2006) , result in deficits in integrative neurocognitive functions that lead to greater impairment in complex adult tasks compared to those assessed in survivors during childhood. In addition, previous studies have relied on test data, whereas the current study used a self-report measure. It is possible that individuals experience neurocognitive deficits even when objective tests do not show commensurate impairment. Mabbott et al. (2008) failed to find an age effect in information processing speed among childhood medulloblastoma survivors, in a recent small study. Most studies in the past have used more general measures of neuropsychological dysfunction (e.g., IQ). It may be that certain deficits, such as processing speed, are robust determinants of neurocognitive impairments in adulthood, so that even though older survivors do not show lower IQ scores for the first few years after diagnosis/treatment, deficits in key neurocognitive functions predict significant impairment in CNS malignancy survivors as adults. Finally, CNS malignancy survivors within the CCSS cohort who responded to the CCSS-NCQ were significantly older at diagnosis than those who declined to participate. It is possible that those survivors diagnosed younger who were more impaired refused more often to continue with CCSS participation, thereby skewing the results.
In the current study, CNS survivors diagnosed at the youngest ages (0 -2) actually reported less memory impairment than other groups. This youngest age group did not differ from other patient groups in diagnosis or type of treatment. However, when analyzed by diagnosis, only patients diagnosed at ages 0 -2 with astrocytomas had lower (less impaired) Memory scale scores, not those with medulloblastoma/PNET or other CNS tumors. Because our study design did not permit comparison of site or grade of tumor, these variables may have contributed to the better outcome in the youngest group. In addition, while the proportion of patients receiving cranial radiation did not differ by age group, patients diagnosed between birth and age 2 who underwent cranial irradiation received lower average doses than other patients (ages 0 -2 M ϭ 48.1 Gy, ages 3-20 M ϭ 52.3 Gy; p Ͻ .001), which may have resulted in less residual memory impairment.
Compared with control groups of siblings and survivors of non-CNS childhood cancers, adult survivors of childhood CNS malignancy have been reported to show deficits in IQ, educational attainment, income, employment, and marital status (Mostow et al., 1991; Zebrack et al., 2004) . The current study indicates that adverse outcomes in indicators of successful adult adaptation (educational attainment, income, employment, marital status) were most likely in survivors who report neurocognitive dysfunction on the CCSS-NCQ.
It is worth noting that significantly more CCSS-NCQ questionnaires were completed by proxy for CNS malignancy survivors than other study participants, and completion by proxy was highly correlated with reported impairment. The group for whom reports were by proxy was much more likely to have received radiation therapy, chemotherapy, or VP shunt placement, suffered hearing and/or visual impairments, paralysis, or stroke and to have been younger at diagnosis ( p Ͻ .001). They were also more likely than other CNS survivors to have had an astrocytoma rather than a medulloblastoma/PNET ( p ϭ .02). Groups with these risk factors require careful early monitoring and intervention, because without it, they may have severe neurocognitive deficits as adults, to the point that they cannot independently complete a self-report questionnaire.
Although the current study has many strengths, including the large and well-characterized patient population who is a decade or more from their cancer diagnosis, the findings may be limited by the fact that neurocognitive dysfunction was evaluated by report rather than direct assessment. Self-reported and other-reported deficits in an important domain of cognition, executive functioning, have been shown to be well correlated with outcome measures (Rabin et al., 2006) , and the current findings likely provide extremely useful information about everyday functioning. However, direct neuropsychological evaluation of at risk subgroups of CNS malignancy survivors is important to gain insight into the mechanisms underlying observed neurocognitive impairments, providing further direction for the development of treatment strategies. In addition, a significantly larger percentage of the CCSS-NCQs were completed by proxy for the CNS malignancy survivors than for the other groups. Although this is no doubt a reflection of the higher level of neurocognitive impairment in this group, specific items endorsed may differ in a systematic way depending on whether the questionnaire was completed by self or proxy. Furthermore, compared with CCSS study nonparticipants, participants were less likely to be from ethnic minorities, which may limit generalization to minority group survivors. Another study limitation was the absence of information about precise location of CNS malignancy. Using radiation dosimetry to infer tumor site helped correct for this lack to a certain extent, but precluded more detailed analysis of radiation and surgical factors within study subgroups. Finally, because study participants were diagnosed between 1970 and 1985, it is not possible in this study to evaluate the effects of improved treatments on neuropsychological outcome in CNS malignancy survivors. A new cohort is currently being recruited by CCSS that will provide data to address this question.
Survivors of CNS malignancy have consistently been shown to be at great risk for residual neurocognitive impairment in a large number of previous studies. The current study indicates that deficits extend to adulthood in many patients. Over 50% of survivors of childhood CNS malignancy reported significant impairment on at least one CCSS-NCQ Task Efficiency item, more than three times as many as in the sibling cohort. This underscores the need for continued attention to mitigating the long-term negative effects of CNS malignancies and their treatment. Cognitive rehabilitation aimed at improving attention and working memory in irradiated survivors of CNS cancer has shown some success in terms of outcome variables, with small to medium effect sizes, but little improvement on measures of neurocognitive functioning (Butler et al., 2008) . Because neurocognitive skills are difficult to improve directly, it will be important to investigate the benefits of early and consistent use of compensatory strategies, including assistive technology, transitional facilities to promote independent living, and job placement and coaching, to enhance functional outcomes in at risk CNS malignancy survivors.
Also of interest is the study of resilience in CNS malignancy survivors, and exploration of protective factors among survivors in high risk groups who had good neurocognitive outcomes. A recent study in survivors of childhood ALL, for example, suggested that folate pathway genetic polymorphisms may be related to attentional disorders . In survivors of childhood traumatic brain injury, social advantage and low family stress may be associated with better neurocognitive outcome (Taylor et al., 2002) . Better prediction of outcome could lead to more focused treatments.
